This paper examines the determinants of the demand for female workers, focusing on the role of information and communication technology (ICT) and offshoring. Estimating a system of variable factor demands for manufacturing industries between 1980 and 2011, we find that, whereas the ICT capital stock has significantly positive effects on the demand for low-, middle-high-, and high-skilled female workers, it has significantly negative effects on the demand for middle-low-skilled female workers. In contrast, offshoring has insignificant effects on the demand for female workers, which suggests that offshoring is at least neutral on the demand for female workers.
Introduction
Sustaining the labor force is one of the main concerns for many developed countries. Accordingly, raising female labor participation is becoming an issue for policymakers because it can help avoid looming labor supply shortages. In Japan, the focus of this study, female labor participation is a key policy agenda for the current administration. In 2014, the female labor participation rate, at 71.8 percent for ages 25-54 years, was 20 percentage points below that of men and was ranked 24 out of 33 OECD countries (OECD 2015a, Table B) .
1 According to OECD (2015b) estimates, "if the female participation rate were to converge to those of men by 2030, the labor supply would decline by only 5 percent, increasing GDP by almost 20 percent compared with unchanged participation rates" (p. 15). Indeed, Japanese Prime Minister Shinzo Abe places priority on female labor participation as an important policy agenda item, which has been called Abe's Womenomics.
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Our study is closely related to a number of research strands that have focused on the issue of female labor participation in Japan. The first strand studies the supply side, asking what factors hinder female labor participation. For example, Akabayashi (2006) revealed that spousal deductions have a significant and large effect on labor supply by married women, which suggests that the tax system affects the married women's labor market decisions.
The second strand of literature asks what is responsible for the large wage gap between female and male workers in Japan. For example, Miyoshi (2008) estimates wage functions for female and male workers in Japan. His results show that the male-female gap in experience as a full-time worker is one of the most important factors that helps to explain Japan's gender wage gap.
These lines of research have made significant contributions to the literature. However, none of these studies have focused on the effects of skill-biased technological change, including the use of the information and communication technology (ICT) such as computers and other high-tech equipment, as factors that potentially influence female labor participation. Skill-biased technology may be relevant, because it often makes it possible to replace physically demanding tasks with less physically demanding tasks. This implies that the demand for female workers relative to male workers may increase through technological change. Indeed, Weinberg (2000) found that increases in computer use accounted for more than half of the growth in demand for female workers in the case of the United States.
costly discrimination (Becker 1957) , then increased competition from foreign countries should similarly reduce firm market power in an industry, thereby creating pressures for reduced gender discrimination. If so, increased international competition will lead to increases in the relative wages and employment of female workers in the industries that face increased international competition. Indeed, several empirical studies have found that international trade has led to a narrowing the gender wage gap. 4 These studies, however, did not consider the effects of offshoring nor those of ICT, even though both offshoring and ICT have expanded in the last three decades.
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The fourth strand of the literature examines the effects of ICT and offshoring on skill demand. As is well known, the effects of offshoring are qualitatively similar to the effects driven by skill-biased technological change. 6 As a result, increased demand for female workers may be attributable to either skill-biased technological change or offshoring (or both). Determining which of these explanations accounts for the changes is an empirical question. Therefore, a number of studies, such as Hijzen, Görg, and Hine (2005) and Kiyota and Maruyama (2017a) , have examined the effects of ICT and offshoring on the skill demand in the trade literature. Interestingly, however, none of the studies on ICT and offshoring has taken into account differential effects on female and male workers.
Building on the previous literature, this paper studies the effects of ICT and offshoring on female labor demand in Japan's manufacturing industries. 7 One of the contributions of this paper is thus to shed light on the role of ICT and offshoring as determinants of female labor demand. To address this issue, we estimate a system of labor demands, controlling for the effects of skill-biased technological change and offshoring simultaneously. This framework was first proposed by Hijzen, Görg, and Hine (2005) , who examined skill demand in the United Kingdom. Following their methodology, our companion paper, Kiyota and Maruyama (2017a) , examined overall developments in skill demand in Japan. The current paper extends this work by focusing on the demand for female workers.
4 See, for example, Black and Brainerd (2004) for the case of the United States, and Juhn, Ujhelyi, and Villegas-Sanchez (2014) for the case of Mexico.
5 The trends of offshoring and ICT will be discussed in Section 3.2.
6 For the detailed explanations about the relationship between offshoring and skill-biased technological change, see Feenstra (2010) . 7 We focus on manufacturing in this paper for the following two reasons, even though we recognize the importance of services offshoring. First, offshoring in the manufacturing sector has developed widely and already been observed in the 1980s, whereas offshoring in services is rather a new phenomenon that started to develop with ICT technology in the 1990s (UNCTAD 2011, 137) . Second, the JIP database is not fine enough to zoom in on those services that are heavily offshored, such as consultancy and accounting services. We also recognize the importance of analyzing services for gender issues. Analyzing services is a key question for future research. 
Note: Each point indicates an industry.
Why is it important to examine the determinants of skill demand by gender? One key reason is the difference in the distribution of skill types for male and female workers. For example, the share of female workers among part-time workers was 73 percent in 1988 at its peak, and 57 percent in 2011 (see Figure 3 later in this paper). The female share in this category is much higher than it is for any other worker type. Moreover, industries with a higher share of part-time workers tend to have a higher share of female workers. To illustrate this correlation, Figure 1 displays the relationship between the share of female workers and the share of part-time workers by industry in 2011. The correlation coefficient for these two variables was 0.687, which suggests that labor demand for part-time workers may reflect labor demand for female workers. Therefore, we need to separate effects on labor demand by gender as well as by skill.
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The rest of the paper is organized as follows. Section 2 describes the empirical framework. Section 3 describes the data used in this paper. Section 4 presents the estimation results, and Section 5 presents a summary and concluding remarks. Asian Economic Papers
On the Demand for Female Workers in Japan: The Role of ICT and Offshoring
Econometric methodology

Model
Let i be the index of industry (i = 1, . . . , N); j be the index of factor (j = 1, . . . , J); k be the index of fixed input or output (k = 1, . . . , K); and r be the index of the proxy for technological change (r = 1, . . . , R). For the ease of presentation, we omit time subscript t, unless otherwise noted. Assume that the industry cost function can be represented by a translog function, which is twice differentiable, linearly homogenous, and concave in factor prices. The cost function for industry i, C i , can be represented as follows:
where w i j is factor price for factor j in industry i; x ik is fixed input or output k in industry i; and z ir is exogenous factor r such as technological change.
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Let v i j represent variable input j in industry i. Differentiating the translog cost function with respect to factor prices gives us the cost share of factor j in total variable costs. Adding time subscript t and error term μ i jt and taking into account the industry-factor specific fixed effects α i j provides us with our regression specification, which is written as:
where 
Elasticities
Without loss of generality, we remove the industry subscript i and the time subscript t for ease of exposition. The cost share for factor j is written as S j . The elasticity of factor demand j with respect to a change in factor prices is:
where ϕ js = 1 if j = s and ϕ js = 0 if j ࣔ s, J j=1 ε js = 0, andα js is an estimated parameter value in equation (2). The elasticity of factor demand j with respect to a change in non-ICT capital stock or output is:
where J j=1 ε jk = 1 and δ jk is an estimated parameter value in equation (2). The elasticity of factor demand with respect to skill-biased technological change due to offshoring is:
where J j=1 ε jr = 1 andδ jr is an estimated parameter value in equation (2).
11 Nishimura and Shirai (2003) estimated the translog cost function, treating ICT capital stocks as variable factors to examine the substitutability between ICT capital stocks and labor inputs. In order to estimate the cost function, they compiled industry-level capital and labor inputs data between 1980 and 1998, including the price deflator on the ICT investment. To the best of our knowledge, however, such data are not available in Japan after 2000. The labor inputs are classified into one of six categories: (1) university graduates or higher; (2) college graduates; (3) high school graduates; (4) junior high school graduates; (5) parttime workers; and (6) self-employed workers. 17 The educational level of the last two categories is not available. We exclude self-employed workers from the analysis because they are employers rather than employees. It is not clear whether the demand for employers can be estimated in the same framework as the demand for employees. In the JIP database, part-time workers are defined as workers who work fewer than 35 hours per week on average. 18 Labor costs are calculated as the sum of monthly wages plus bonuses. Average wages are obtained by dividing labor costs by the product of the number of workers and hours worked. Figure 2 presents the shift in average wages for five worker categories for female workers and for male workers. From this figure, it is obvious that wages tend to be higher for more highly educated workers. At the same time, Figure 2 indicates that wages for part-time workers are the lowest for both genders. In addition, some differing trends are observed between male and female workers. Among female workers, there are clear wage gaps between worker categories. Further, wages of male college, high school, and junior high school graduates stay at the same level in the long term, although the wages of male junior high school graduates begin to decline in the 2000s. In light of these findings, we use separate classifications of labor by gender.
Trends in the labor
Both male and female workers are classified into the following four skill groups: (1) highskilled workers; (2) middle-high-skilled workers; (3) middle-low-skilled workers; and (4) low-skilled workers. Our classification is based on wage levels, under the assumption that workers with higher skills can obtain higher wages. In forming groups (3) and (4), the same definitions are applied to both genders: middle-low-skilled workers are defined as junior high school graduates, and low skilled workers are defined as part-time workers.
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Different categories are applied to men and women in the formation of labor groups (1) and (2), however. For male workers, university graduates are classified into high-skilled workers, whereas college and high school graduates are classified into middle-high skilled workers. This classification is based on the wage differences shown in Figure 2b .
For female workers, university and college graduates are classified into high-skilled workers, while high school graduates are classified into middle-high-skilled workers. The reason for combining female university and college graduates is two-fold. First, the share of female university graduates is very small for the creation of a group in the 1980s; under this definition only 0.9 percent of female workers were included in this group in 1980, although it increased to 6.8 percent in 2011. Second, we emphasize the differential job assignments by educational background. According to the School Basic Survey conducted by the Ministry of Education, Culture, Sports, Science, and Technology in 1980 for all industries, 12.9 percent of female high school graduates were involved in the manufacturing process when they found work after finishing school, whereas 0.4 percent of college graduates and 0.6 percent of university graduates were involved in the same process. 21 This structure remained unchanged in 2011; the share of female workers involved in the manufacturing process included 22.7 percent of high school graduates, 0.8 percent of college graduates, and 0.2 percent of university graduates. The fact that high school graduates tend to be more involved in the manufacturing process than university or college graduates indicates that there is a qualitative difference between high school graduates and college/university graduates. Indeed, compared with our companion study (Kiyota and Maruyama 2017a) , 20 In general, firms assign jobs that require fewer skills to part-time workers rather than full-time workers. For more detail, see Kiyota and Maruyama (2017a) . One may argue that we exclude part-time workers because that group consists of workers who have different educational backgrounds. As we will see subsequently, the share of part-time workers in total female workers is non-negligibly high. Therefore, we keep this category in our baseline analysis. We exclude this category as a robustness check in Section 4.2, however.
21 Data for manufacturing is not available. by distinguishing activities by gender, this paper gains precision in its accounting of the relationship between job skills and education levels. We highlight two results from Figure 4a . First, the shares and the increases for high-and low-skilled female workers are remarkably large. The share of high-skilled workers grew from 3.9 percent to 16.0 percent between 1980 and 2011, and that of low-skilled workers grew from 17.5 percent to 36.5 percent. Moreover, in 2011, the share of low-skilled workers was more than twice as much as that of high-skilled workers. This suggests that the size of low-skilled part-time workers is not inconsequential in the employment of female workers in Japanese manufacturing. Excluding this group makes it difficult for us to describe the overall picture of manufacturing employment. Second, the wage level for low-skilled workers is low. Although part-time workers have different educational backgrounds, the wage level is the lowest among these four categories. Figure 4b presents the same figure as Figure 4a for the case of male workers. Similar to the profile for female workers, we note that overall shares and increases in shares over time for high-and low-skilled workers are remarkably high, although the share of low-skilled workers is much smaller for male workers than for female workers.
Offshoring The degree of offshoring is computed using import-use matrices from manufacturing industry input-output tables between 1980 and 2011. 23 The input-output 
23 The construction of the import-use matrices is explained in Kiyota and Maruyama (2017a) . We focus on the imports of intermediate goods in order to capture trade flows in global value chains. Feenstra (2010) defines offshoring as consisting of two types of foreign production that shapes a part of global value chains: in-house foreign production by multinationals and foreign outsourcing. Imports of intermediate goods are accompanied by these foreign productions. Note that the imports of final goods are not included because it is difficult to distinguish imports due to offshoring from imports due to other reasons such as direct consumption by the household sector. Note also that exports of intermediate goods from Japan are excluded, although they constitute a part of offshoring. To capture this type of offshoring, it is necessary to develop an alternative offshoring measure, which goes beyond the scope of this paper.
24 Note that the import-use matrix is not available every year in many countries. Some studies such as Hijzen, Görg, and Hine (2005) Feenstra and Hanson (1999) referred to this measure of offshoring as the narrow measure of offshoring.
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The broad measure is defined as all the imported intermediate inputs in an industry i divided by the industry i's total tradable intermediate inputs:
Feenstra and Hanson (1999) prefer the narrow measure to the broad measure because the essence of fragmentation, which necessarily takes place within the industry, is closer to the narrow measure than to the broad measure. In the baseline model of our analysis, we utilize the narrow definition of offshoring. In Section 4.2, we also use the broad measure to check the robustness of our results. Table 1 reports summary statistics for the labor market and production data for 1980-2011. Rows of "Average cost shares" illustrate the difference in cost shares between female and male workers by skill-level, and intermediate inputs at the industry level. The information from 52 manufacturing industries from 1980 to 2011 indicates that, on average, intermediate inputs contribute the largest cost shares (S M ), accounting for 77.3 percent of total variable costs. Second, the cost share for labor inputs vary across groups, ranging from 0.3 percent for low-skilled male workers (Male S L ) to 9.1 percent for middle-high-skilled male workers (Male S MH ). Third, the cost share for female workers is smaller than that of male workers in each skill type, except for the case of low-skilled workers. annual average change was less than 0.5 percent point for all the cost shares. This result is similar to that in the United Kingdom reported in Hijzen, Görg, and Hine (2005) . Second, however, some of the input quantities and flexible factor prices indicate large change. For example, the demand for high-skilled female workers grew at 3.2 percent per year whereas the demand for middle-low-skilled female workers declined at 8.5 percent per year. The average wage grew at around 2.4 percent for high-skilled female workers whereas it grew at 1.7 percent for high-skilled male workers. As a result, as we confirmed in Figure 2 , the gender wage gap of high-skilled workers decreased from 1980 to 2011. Finally, the share of the ICT capital stock to total capital stock increased remarkably. The ICT capital share increased from 2.4 percent in 1980 to 15.0 percent in 2011. Because the ICT capital stock and offshoring as a whole increased over the period, the increase in the demand for high-skilled female workers can be explained by offshoring or skill-biased technological change (or both). At the same time, the correlation coefficient between ICT capital stock and offshoring by industry is 0.176. This suggests that the correlation between the two variables is low, and it is unlikely that there is a problem caused by multicollinearity. We now turn to the econometric analysis.
Descriptive statistics
Results and discussion
Estimation results
This section investigates how ICT and offshoring affected female labor demand. To begin, we estimate equation (2) as a baseline model. Equation (2) is estimated separately for each skill type. Therefore, there are eight equations to be estimated (for high-, middle-high-, middle-low-, and low-skilled workers for each gender), though the demand for each type of workers could be simultaneously determined. Indeed, the Breusch-Pagan test rejects the null hypothesis that the error terms across equations are contemporaneously uncorrelated. Because the error terms are correlated across equations, it is better to use the seemingly unrelated regressions (SUR) model to estimate the system of equations. We also test the null hypothesis that the industry-factor fixed effects equal zero. Because this hypothesis is Table 3 . rejected at the 1 percent level in all equations, it is important to control for the unobserved industry heterogeneity in our regression analysis. Table 3 presents the estimation results. Note that symmetry constraints imply that wage coefficients across the diagonal are the same. Table 4 reports the own price elasticities, for ICT capital, and those for offshoring. Examining Table 4 , we highlight three results. First, own price elasticities are negative or insignificant in general. This means that a necessary (but not sufficient) condition for concavity in factor prices is satisfied.
Second, the effects of ICT capital vary across the skill groups of workers. On one hand, the ICT capital stock has a positive and significant effect on the demand for low-skilled female and male workers, middle-high-skilled female and male workers, and high-skilled female workers. On the other hand, it has negative and significant effects on the demand for middle-low-skilled female and male workers. 29 On the whole, the elasticities for ICT capital stock reveal the same sign for both male and female workers present in the middlehigh-, middle-low-, and low-skill groups. The absolute values of those elasticities are larger for female workers in comparison with male workers at the same skill level. This suggests that demand for female workers is more susceptible to the increase in ICT capital stock than the demand for male workers, although more detailed analysis is needed to clarify the factors behind this susceptibility.
Finally, offshoring has positive and significant effects on the demand for high-skilled male workers and low-skilled female workers. No significant effects are confirmed in other groups of workers. The absence of negative effects for the other groups suggest that offshoring is at least neutral for the demand for a number of worker skill groups.
In sum, the baseline results examining the demand for female workers reveal two primary findings. First, the effects of ICT capital on the demand for female workers varies across worker skill groups. While ICT capital stock has positive and significant effects on the demand for low-, middle-high-, and high-skilled female workers, it has negative and significant effects on the demand for middle-low-skilled female workers. Second, the effects of offshoring on the demand for female workers are positive and significant for low-skilled female workers, and insignificant for other female workers. The results suggest that offshoring is at least neutral for the demand for female workers.
Nevertheless, one may be concerned that our results are sensitive to the measurement of offshoring as well as the control and exogenous variables that have been selected. To address these concerns, we examine the robustness of our results in the following four ways:
(1) adding research and development (R&D) intensity as an additional control variable; (2) using alternative measures of offshoring; (3) excluding part-time workers from the sample 29 The positive effects of ICT on middle-high-and low-skilled workers and the negative effects on middle-low-skilled workers may imply ICT-based "job polarization," in which "automation and new technology were going to wipe out large numbers of middle class jobs" (Autor 2015, 3) . Although our analysis excludes services, our result might suggest a common feature of tasks assigned to low-skilled workers in the manufacturing sector, which are "challenging to automate" and "infeasible to offshore" (Acemoglu and Autor 2011, 1077) . to focus on full-time workers; (4) excluding either of ICT and offshoring in light of potential endogeneity. The results of the robustness check are reported in Tables 5 and 6 for ICT capital stock and for offshoring, respectively. 30 In sum, the results suggest that the effects of ICT on the demand for female workers in the robustness checks are qualitatively similar to those in the baseline model. In contrast, the effects of offshoring appear to be sensitive to the use of alternative offshoring measures. The significance level of the elasticities of lowskilled female workers is low and the results are insignificant when we add R&D intensity and when we use alternative measures of offshoring. This suggests that the positive effect of offshoring on female part-time workers is not necessarily robust. Nonetheless, our main results hold: Offshoring is at least neutral on the demand for female workers.
Discussion
As we have seen, the effects of offshoring on labor demand is neutral in general, and only two skill groups obtain positive results. The question that follows is, why does offshoring affect only the demand for two groups positively? In the case of high-skilled male workers, assignments to managerial, professional, and technical occupations-which are classified into abstract, non-routine tasks-may explain the outcome. For example, the increase of offshoring raises relative demand for workers who coordinate transactions for global value chains or workers who can manage foreign operations. In addition, the increases in R&D or technical centers may accompany professional and technical occupations. In Japan, these tasks are concentrated among highly educated male workers. For lowskilled female workers, the reason behind this trend is not clear, because the educational background of part-time workers is diverse and tasks assigned to them do not fall into obvious patterns.
The difference between the effects of ICT and offshoring may be explained by the demand for tasks. Acemoglu and Autor (2011) explain that the distribution of tasks may differ by gender and by skill level. For instance, the share of clerical/sales occupations is high among female workers, and the share of production/operative occupations is high among male workers. These middle-skill routine tasks tend to be substituted by machines. Besides, tasks are different in their offshorability. Acemoglu and Autor (2011) find that clerical/sales occupations and professional, managerial, and technical occupations are much more offshorable than production/operative or services occupations. Differences in tasks between female and male workers may help explain the differences of the effects between ICT and offshoring.
The Wakasugi, Ito, and Tomiura (2008) investigation of Japanese offshoring based on a survey of Japanese manufacturing firms showed that the most frequently offshored tasks were directly related to manufacturing activities such as the production of intermediate and final assembly. Meanwhile, Ikenaga (2009) has looked for evidence of job polarization in the Japanese labor market. She finds that ICT complemented workers who perform non-routine analytic tasks while substituting for workers who perform routine tasks. That study, however, includes the service sector and it did not account for the effects of offshoring. To address the issue of tasks further, more detailed data and analysis are needed, which goes beyond the scope of this paper.
31
Moreover, our estimation reveals the only negative effects of ICT on labor demands are concentrated among middle-low-skilled male and female workers are negative. One may worry that ICT harms some types of worker though the effects on middle-low-skilled workers should not be overestimated. The share of this skill category, namely, junior high school graduates, is shrinking. By 2011, it accounted for 5.1 percent of female workers and 5.7 percent of male workers. On the grounds that ICT and offshoring affect labor demands positively or neutrally for other groups, governments should not hesitate to implement policies to encourage ICT and/or offshoring.
Summary and concluding remarks
In light of the increasing importance of female labor participation in Japan, this paper examines the determinants of the demand for female workers. One novel contribution of this paper is that we shed light on the role of information and communication technology and offshoring as determinants of female labor demand based on the estimation of a system of variable factor demands for manufacturing industries between 1980 and 2011.
Our major findings are two-fold. First, the effects of the ICT capital on the demand for female workers vary across worker skill groups. Whereas the ICT capital stock has positive effects on the demand for low-, middle-high-, and high-skilled female workers, it has negative effects on the demand for middle-low-skilled female workers. Second, the effects of offshoring on the demand for female workers are generally insignificant. Thus, the results suggest that offshoring is at least neutral on the demand for female workers. A part of the increasing demand for female workers can be attributable to ICT, which contributes to narrowing of the gender wage gap in Japan.
In conclusion, there are several research issues for the future that are worth mentioning. First, it is important to examine the relationship between tasks and gender. As mentioned earlier, tasks may be different between female and male workers, which may result in the difference of the effects between ICT and offshoring. The use of individual-level micro data may allow us to address such an issue.
Second, a more detailed analysis of the cost function within each industry presents another important issue. Our analysis is based on industry-level data and thus estimates the system of cost functions for manufacturing as a whole. The industry differences are captured by the industry-fixed effects.
Finally, services offshoring is of interest, although we could not include it in this analysis because of data limitations. The inclusion of service offshoring is important because the share of female workers is generally higher in the services than in the manufacturing sector. Further, the offshoring of service tasks in both manufacturing and services is increasing. Thus, future inclusion of service offshoring may provide an expanded view offshoring in global value chains.
